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invention made in the course of his work in order to 
exploit it commercially, he is rarely in a position 
adequately to carry this through, either from want of 
time on account of his normal duties, or from want of 
business ability. The inventor had the alternative 
in the event of a process proving an important one 
either to leave the Government Service and devote 
himself to his patent, or to remain in the Service and 
see the success of his invention jeopardised in its civil 
applications. The exploitation of Government-owned 
inventions by business men who have had experience 
in work of this kind is the only other way out of the 
difficulty that can readily be seen, and it is to be hoped 
that the confidence of the Committee will be justified 
by suitable public-spirited men coming forward to take 
up the work. 

The Report bears internal evidence of much thought 
and consideration of diverse opinions, and thanks are 
due to members of the Committee for their hopeful 
effort to suggest an organisation which, by settling 
claims and disputes definitely and rapidly, will thereby 
remove an impediment to progress in investigation 
and at the same time afford the worker the opportunity 
of stating his case. 


Principles and Problems of Aeronautics. 

The Mechanical Principles of the Aeroplane. By 
Dr. S. Brodetsky. Pp. vii + 272. (London: J. 
and A. Churchill, 1921.) 21s. net. 

HE entry of Dr. Brodetsky into the ranks of 
workers on aeronautical topics marks an 
important development in the higher study of aerial 
navigation. Why the achievements of modern aviation 
have not from the outset been built up on a sub¬ 
structure of purely abstract mathematical theory 
such as has arisen concomitantly w'ith other branches 
of physics and engineering is difficult to understand. 
The behaviour of laminae and other bodies moving 
through a medium under assumed laws of resistance, 
whether artificially propelled or otherwise, opens up 
a vast collection of problems which might well have 
occupied the attention of mathematicians and been 
illustrated by experiments with models long before 
the evolution of the full-sized aeroplane. Instead of 
this being done, flying machines have been built, 
flown, wrecked, and their pilots killed, by designers 
who have not even fully appreciated such elementary 
facts as that when an aeroplane is moving with uniform 
velocity the forces acting on it must be in equilibrium, 
that three forces in equilibrium must meet in a point, 
that an aeroplane has six degrees of freedom, that 
stability and equilibrium are not the same thing, and 
so forth. Whether the Tarrant triplane could have 
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been saved by a full appreciation on the part of its 
pilots of the validity of the equation of initial angular 
acceleration, lePd/dt 2 = M, or numerous aviators saved 
from death by a better knowledge of the forces and 
couples on which longitudinal and lateral stability 
depend, are debatable questions. Meanwhile mathe¬ 
maticians of repute have attacked the writer of this 
review for intimating that a fuller theoretical study 
of the problem should be undertaken. 

The National Physical Laboratory and the Royal 
Aircraft Establishment have absorbed many of the 
most enlightened of our university graduates who 
are competent to study aeronautical problems, and 
they are doing excellent work there. But, unfortun¬ 
ately, the amount of constructional work that had 
been going on while the mathematicians of our univer¬ 
sities were making and marking examination questions, 
with their eyes shut to the outside world, has thrust 
on our Government institutions vast arrears of ques¬ 
tions arising out of the engineering and physical 
difficulties associated with aviation. It is therefore 
not surprising that scarcely any one previous to Dr. 
Brodetsky has started at the opposite end and tried 
to fathom the capabilities of pure mathematical reason¬ 
ing as distinct from experiment in throwing light on 
the study of aeronautical problems. 

A notable exception is afforded by Mr. Lanchester, 
whose two volumes certainly represent a genuine 
attempt to investigate the behaviour of aeroplanes 
as deduced from a priori reasoning. But the subject 
was bristling with mathematical difficulties of a cut- 
and-dried character quite outside the scope of Lan- 
chester’s resources, and no mathematician would take 
up the challenges so oft repeated in Nature until 
Dr. Brodetsky came on the scene. Contrast this 
state of affairs with the past history of electrical engin¬ 
eering, in which subject mathematical tripos candi¬ 
dates were being worried with solutions of Laplace’s 
equations for infinitely long charged cylinders and condi¬ 
tions for solenoidal and lamellar magnets long before 
Lord Kelvin presented Peterhouse with its electric light. 

In recent years nearly every publisher has decided 
that there is a demand for an up-to-date book on 
aeronautics, and has got some one to write one. In 
all these books the effects of the policy of “ putting 
the cart before the horse ” is painfully evident. The 
mathematics is usually of a very elementary and 
insufficient character until we are confronted with 
the invariable chapter headed “ Stability, Mathe¬ 
matical Theory.” This is usually nothing more or less 
than a mutilated copy of part of the “ Science Mono¬ 
graph ” on “ Stability in Aviation ” by the present 
writer, accompanied by a misuse of signs and symbols 
and a total disregard for all the accepted doctrines 
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regarding elegance of mathematical style and form 
that are calculated to produce chaos and confusion 
in the study of stability for years to come. 

In presenting students of aeronautics with the 
first treatise that is thoroughly imbued with the ideals 
and spirit of the best mathematical school of Cam¬ 
bridge, Dr. Brodetsky is performing for aviation what 
Clerk Maxwell accomplished in anticipation of modern 
electrical engineering. In both cases the authors 
have undoubtedly been striking out on new lines and 
breaking fresh ground with scanty information to 
guide them as to choice of subject-matter, method, 
and order of treatment. The subject has thus opened 
up an almost illimitable collection of unsolved problems 
of which Dr. Brodetsky’s treatise breathes in nearly 
every line. 

As in electrical text-books, Dr. Brodetsky starts 
with the simplest problems, but unlike them, appears 
to avoid their subsequent contradiction of previous 
results. After a short introduction involving a 
summary of the problems presented by the heavier- 
than-air machine, section 1, dealing with “ Motion 
in Air,” opens with a chapter on “ Dimensions,” 
dealing with elementary dynamical principles, in which 
account is taken of such possible influences as viscosity. 
At this early stage important innovations in the matter 
of notation become necessary. If the object of the 
writers who are continually changing their axes is to 
avoid copying the original stability monograph, they 
would have caused less confusion if they had adopted 
different letters. Now that L p may mean M ff or 
-N r , it has become necessary to scrap the original 
notation and substitute an entirely different set of 
symbols. It is to be hoped that the same mistake 
will not again be made, but that Dr. Brodetsky's 
notation for the so-called “ derivatives ” and similar 
quantities will be accepted as a permanent solution 
for the present chaos. It certainly represents the best 
that could be evolved after many hours of considera¬ 
tion, in which the present reviewer took part when 
studying with Dr. Brodetsky through a grant from the 
Research Department under the hospitable roof of 
Bristol University. 

The next chapter deals with problems on resisted 
motion falling within the range of particle dynamics, 
including a study of Lanchester’s phugoid curves. 
The reference to “ catastrophic instability ” on p. 53 
is important in view of the frequent Press notices of 
aeroplanes which are stated to have turned over 
suddenly and crashed to the ground. 

Two-dimensional rigid dynamics forms the subject 
of the next chapter, which embraces not only the 
ordinary theory of longitudinal stability (including 
a rigorous proof of Routh’s discriminant condition), 
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but also applications to the kite and parachute. 
Further, there is an original investigation of the 
motion under gravity of a lamina under an assumed 
simplified law of resistance which is illustrated by 
diagrams deduced from theory and compared with 
experiment. The reference to periodic solutions should 
receive serious consideration. It must not be forgotten 
that an aeroplane may be stable for small deviations 
from steady motion and may yet be capable under suit¬ 
able initial conditions of acquiring a periodic motion 
turning over and over in loops until it crashes to the 
ground, while it may be impracticable to extricate 
it from this state. The aeroplane which effected a 
successful landing after its observer and pilot had 
been shot dead did not necessarily possess immunity 
from this danger, which might have occurred if the 
machine had started under different initial conditions. 

The next chapter deals with applications of three- 
dimensional rigid dynamics. Here the range of 
solved problems is necessarily limited. It, however, 
includes circular ail'd spiral flights and lateral stability 
of the aeroplane, the parachute and the kite. In 
these sections Dr. Brodetsky’s notation is a great 
improvement on its predecessors. It has the great 
advantage that, like the notation in the original 
treatment of stability, it makes the terms of the 
biquadratic all positive. In the same way it is much 
easier to write down the pressure equation in hydro¬ 
dynamics with the old-fashioned velocity potential 
instead of the new one. 

As regards section 2 (“ Dynamics of Air ”) there 
is less to be said. The one direction in which 
mathematicians have made a serious attempt to do 
substantial work more or less connected with aero¬ 
nautics (often less) has been in applying hydro¬ 
dynamics — mainly two-dimensional hydrodynamics 
of perfect incompressible fluids—to the study of 
pressures on moving laminae. In this connection Dr. 
Brodetsky gives a good general treatment of dis¬ 
continuous motion. The book as a whole, however, 
is calculated to emphasise the importance of rigid 
dynamics as applied to aircraft in their entirety in 
contrast to these popular hydrodynamical investigations 
of flow of air round parts of their structure, which, as a 
matter of fact, are largely affected by mutual inter¬ 
ference. It is to wind channel experiments that we 
must look for the determination of the quantities 
required in theoretical developments. 

In section 3 Dr. Brodetsky returns to the original 
methods of treatment, and we are glad to notice 
his recognition of the concept of the ideal “ narrow 
planes gliding at small angles ” as having made it 
possible to initiate a formal study of stability in 
anticipation of the modem wind tumult. In the 
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next sections he gives a theory of the propeller, while 
chap. 8 deals with the problem of the aeroplane 
in moving air. Following Prof. E. B. Wilson the 
treatment is based on the study of forced oscillations, 
but the reader will do well to follow Dr. Brodetsky’s 
advice and read his alternative treatment by the 
method of initial motions. This latter method, 
by the way, opens up an almost unlimited supply 
of calculable problems which cannot fail to throw 
light on questions regarding design and control of 
aircraft which are under the direction of their pilots. 1 

A further important innovation is the insertion 
of collections of exercises, commonly described as 
“ Examples.” Here again Dr. Brodetsky has had 
the difficult task of striking out in a new line in 
incorporating the features of a Cambridge text-book 
in an aeronautical treatise. This feature will, we 
hope, be of great use in making the present important 
developments of applied mathematics available in 
our honours schools. 

A further contribution to the study of aeroplane 
mathematics by Dr. Brodetsky appeared in the 
Mathematical Gazette for May 1921. It dealt mainly 
with the conditions of equilibrium of the forces acting 
on an aeroplane in steady motion of different 
types, such as horizontal flight, climbing, descending, 
gliding with or without varying the elevator, diving 
and upside-down flight, load variations, variation of 
air density with altitude, flight in steady wind, and 
circling and helical flights with and without sideslip. 
In conclusion Dr. Brodetsky remarked : “ The present 
paper will perhaps suffice as an indication to teachers 
of mathematics and others of how much really useful 
and interesting information can be obtained with easy 
mathematics. The introduction of aeroplane mathe¬ 
matics into ordinary courses in all our schools and 
universities would be a great boon to teachers as 
well as to pupils.” 

In addition to strongly supporting Dr. Brodetsky’s 
plea for the study of aeroplane problems by mathe¬ 
maticians and their pupils, we would refer to the 
equally important task which remains, of equipping 
the workers in the aeroplane industry with a better 
knowledge of the principles of mechanics involved 
in aircraft construction and manipulation. In this 
connection it is to be hoped that the Institute of 
Aeronautical Engineers, now two years old, will 
prove a valuable addition to the roll of similar technical 

1 Tbe investigations which the writer of this review was able to initiate 
and undertake with the assistance of a three-years grant from the Research 
Department could not for various reasons be incorporated in Dr. Brodetsky’s 
treatise, but have been published in the Reports and Memoranda of the 
Advisory Committee for Aeronautics and the Aeronautical Research Com¬ 
mittee, Nos. 555, 640, 684, 689, and 744, the last two dealing with the general 
equations of motion of aeroplanes studied from several novel points of view 
with the use of Brodetsky’s notation. The last Report constitutes a brief 
exposition of the general theory of initial motions in its application to 
aeroplanes. - 
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and professional institutes that have been formed in 
nearly every other branch of applied science, the ranks 
of which are largely recruited from the students of our 
technical colleges and universities. For such students 
Dr. Brodetsky’s book is specially suitable. 

G. II. Bryan. 


The History of Whaling. 

A History of the Whale Fisheries : From the Basque 
Fisheries of the Tenth Century to the Hunting of the 
Firmer Whale at the Present Date. By Dr. J. T. 
Jenkins. Pp. 336. (London : H. F. and G. Witherby, 
1921.) 185. 

T the close of the last century whaling appeared 
likely to terminate at an early date, in view' of 
the great reduction in the numbers of whales which 
had been brought about by a relentless and long- 
continued persecution. The rate of destruction had 
been accelerated by the introduction of modern methods, 
and if new fields had not been discovered whaling might 
by now be almost a thing of the past. Dr. Jenkins’s 
book contains a large amount of information which 
wall be of great value to those who wish to satisfy 
themselves whether the lessons of history confirm the 
forebodings which have been expressed about the future 
of whales. 

The work opens with an account of whales, their 
species, habits and migrations, and zoologists may 
turn with interest to an Icelandic classification (p. 87) of 
1777, which within its limits is not inferior to the most 
modern system, or to the excellent account of the 
Greenland whale (p. 116) given by Edge, who took part 
in Arctic whaling in 1610. The next chapter deals 
with the products of whales, the method of hunting, 
and whaling legislation, giving also a brief review of 
the successive phases of the industry, a subject which 
is considered in greater detail in later chapters. Whale- 
oil, a material which was formerly indispensable for the 
lighting of houses, public buildings, and streets, has 
remained one of the most important raw materials 
for the manufacture of soap and glycerine, the great 
quantities of glycerine which were extracted from it 
during the war having been of vital importance to 
this country. Spermaceti, ambergris, and whale¬ 
bone are still highly valued materials, while the 
greater part of the carcasses of whales is utilised 
in the preparation of agricultural manure, the flesh 
being partly converted into cattle-foods or even used 
for human consumption. 

The first known account of whaling is that of 
Ochther, who voyaged beyond the North Cape towards 
the end of the ninth century, and afterwards described 
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